A pseudolysogenic strain of Pasteurella pestis was isolated from a human in Vietnam. The culture contained a stable mixture of bacteriophage and phage-sensitive and phage-resistant P. pestis.
In 1957, Girard (3) observed that "the etiologic agent of plague, Pasteurella pestis, is a completely homogeneous species in its reaction to phages. No strain is resistant to a phage which is active on another, regardless of its virulence or toxicity, its origin (human or animal), the time of its isolation, or its biochemical type." Strains of P. pestis resistant to phage have been obtained by laboratory manipulation (1, 2, 4, 6 The original culture has remained stable over a period of 3 years. Subcultures of the original material after 20 passages on Brain Heart Infusion agar retained the characteristic of the parent strain as to the distribution of phageresistant substrains and accompanying phage. When the three substrains were purified free from phage, they retained their original characteristics when transferred at frequent intervals. The fifth cultural passage of each of the three substrains was subjected to further analysis. One hundred colonies of each subtype were picked and tested for sensitivity to both phages. All clones of Mia-1 were refractory to lysis by both phages. Two of 100 clones of Mia-21 were sensitive to both phages, whereas the remaining 98 were resistant to phage H. Both phages lysed all 100 clones of Mia-100. However, prolonged storage at 4 C on Brain Heart Infusion agar slants appears to result in the selective survival of the double sensitive type. When duplicate fifth passage subcultures stored at 4 C for 4 months were serially diluted in Brain Heart Infusion broth, a marked loss of viability was noted in both Mia-1 and 21 when compared with Mia-100 stored under identical conditions. The plate count of Mia-100 was 2.3 x 108/ml compared with the plate counts of 3.2 x 103/ml and 1.8 x 103/ml of Mia-1 and 21, respectively. Subsequent analysis of the surviving population of the three substrains indicated that Mia-100 was still sensitive to both phages, whereas less than 10Cj% of the Mia-l and 21 cultures retained their original phage sensitivity patterns. No reversion from double-resistant to singleresistant form was observed.
Phage V produced large (3.5 mm) clear plaques Titer of phage H on Java at both 25 and 37 C was 2.5 X 109 plaque-forming units/ml and was assigned an efficiency of plating of 1. The titer of V on Java at 25 and 37 C was 5 X 109 plaque-forming units/ ml and was assigned an efficiency of plating of 1.
on P. pestis after 24 hr at 25 C which upon further incubation exhibited halos. When the reaction is carried out at 37 C, plaques were considerably larger (6 mm) in diameter. By contrast, the plaques formed by phage H were less uniform. Antiserum prepared against phage H neutralized phage V to titer, indicating the antigenic similarity of the two phages.
Mixtures of log-phase cells of P. pestis Mia substrains 1, 21, and 100 or P. pestis Java with VOL. 4, 1971 phages H or V at a multiplicity of infection of 0.1 were incubated at 25 C. Samples (1 ml) were removed at various time intervals, the cells were sedimented by centrifugation, and the supernatant fluid was assayed for phage. Figures 1 and  2 show the percentage of free phage in the supernatant fluid over a 4-hr period. The results of 24-hr assays did not differ significantly from the 4-hr reading in any of the tests. Host range studies of phage H and V indicate that, with the exception of P. pestis Mia-21, both phages reacted similarly when tested against over 500 strains of P. pestis. Among this group were strains isolated throughout the world, representing every available combination of virulence factors currently recognized. When tested on blood-agar plates, two laboratory-induced phage-resistant mutants and a wild isolate (Nairobi) previously considered to be insensitive to lysis by H phage at 22 C (the critical temperature for phage diagnostic tests) were resistant when tested with 0.05 ml of phage (5 x 107 plaque-forming units). However, when these three strains were tested on Brain Heart Infusion agar without blood, all were sensitive. Four of 11 P. pseudotuberculosis strains were sensitive at 37 C but not at 25 C. Female Escherichia coli were sensitive at both temperatures, whereas male E. coli withstood lysis at both temperatures.
Of all of the virulence factors now recognized, the phage strains of EV, Kim 10, and Mia have one common factor, loss of pigmentation on heme-agar. Whether the loss of this virulence marker was a predisposing factor to phage resistance is unknown. The presence or absence of this factor in the other induced phage-refractory strains of Girard (2) was not recorded. Therefore, the efficiency of plating of phage H and V was determined on 86 strains of P. pestis and 2 strains of P. pseudotuberculosis at both 25 and 37 C ( Table 2) . The presence or absence of fraction I, V antigen, pesticin 1-coagulase-fibrinolysin complex, pesticin II, calcium dependency, and pigmentation or any available combination of these factors in P. pestis did not influence the efficiency of plating of either phage. Preincubation of either phage with 5.0 mg/ml of purified P. pestis antigens, fraction I, endotoxin, murine toxin, crude pesticin I, or crude fibrinolytic factor for 1 hr at 25 C did not alter the phage titers when tested on P. pestis strain Java. Further, no essential correlation was found between phage sensitivity and the ability to ferment glycerol, rhaminose, or melibiose, the production of urease, the geographic origin of the strains, or the host from which the strain was isolated. Unlike the phage-resistant strain of EV reported by Korobkova and Pavlova (4) , no variation in the colonial morphology of the subtypes of Mia was observed.
We thank W. D. Lawton, K. F. Meyer, and M. J. Surgalla for the strains of Pasteurella pestis and Escherichia coli, which they so kindly furnished, and for their valuable advice and interest in this study.
We thank Peter Shields for his technical help.
LITERATURE CITED
